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Abstract: Ultrashort, intense light pulses permit the study of nanomate-
rials in the optical non-linear regime, potentially leading to optoelectronics
that operate in the petahertz domain. These non-linear regimes are often
present just below the damage threshold thus requiring the careful tuning
of laser parameters to avoid the melting and disintegration of the materials.
Detailed studies of the damage threshold of nanoscale materials are there-
fore needed. We present results on the damage threshold of Au nanowires
when illuminated by intense femtosecond pulses. These nanowires were
synthesized with the directed electrochemical nanowire assembly (DENA)
process in two configurations: (1) free-standing Au nanowires on W
electrodes and (2) Au nanowires attached to fused silica slides. In both
cases the wires have a single-crystalline structure. For laser pulses with
durations of 108 fs and 32 fs at 790 nm at a repetition rate of 2 kHz, we find
that the free-standing nanowires melt at intensities close to 3 TW/cm2 and
7.5 TW/cm2, respectively. The Au nanowires attached to silica slides melt
at slightly higher intensities, just above 10 TW/cm2 for 32 fs pulses. Our
results can be explained with an electron-phonon interaction model that
describes the absorbed laser energy and subsequent heat conduction across
the wire.
© 2018 Optical Society of America
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1. Introduction
Nanoelectronics, nanophotonics and nanoplasmonics have been fields of growing interest in
the last several years[1, 2, 3, 4, 5]. These areas bring more conventional and explored fields
in optics and electronics into the nanoscale regime, where many new phenomena occur and
macroscopic descriptions break down or have to be strongly modified. Research into ultrafast
nanoscale physics has great potential to both increase the fundamental understanding between
light and matter and as lead to groundbreaking new technologies. As one such example, light-
controlled nanoscale circuitry brings together all three of these sub-fields and opens the door to
the next generation of optoelectronics-based devices that may operate at frequencies reaching
into the petahertz domain [6, 7, 8].
Ultrafast nanoscale circuitry relies on the ability to utilize the non-linear interaction of light
with nanoscale materials to tailor (collective) electron motion on a sub-optical-cycle timescale.
These non-linear regimes are reached for strong laser pulses with intensities typically just below
the damage threshold of the materials. Such interactions can give rise to (sub-optical-cycle)
electron emission and acceleration from isolated nanotips [9, 10] and nanospheres [11] and
from nanostructured surfaces [12, 13], the laser-field-driven semi-metallization of dielectrics
[14, 15] and metals [16], and can induce currents across nanoscale junctions [7]. In all these
cases, the highest laser intensity that can be applied to the material depends on parameters such
as material composition and quality and the pulse duration. The exact reasons for the damage
of nanoscale materials are therefore often not well understood. Here, we study the melting of
conducting, single-crystalline nanowires, which are one of the building blocks of nanoscale
circuitry, under the illumination of femtosecond light fields with different intensities and pulse
durations. Two types of nanowire arrangements are studied: (1) free-standing Au nanowires
that are grown on W needle electrodes and (2) Au nanowires attached to silica slides.
Our investigations differ from previous damage threshold studies in a major way. Most stud-
ies of optically-induced damage and femtosecond heating in gold nanosystems have been per-
formed for spherical nanoparticles embedded in a matrix or liquid [17, 18, 19, 20], whereas we
deal with free-standing single-crystalline nanowires. Other recent studies [21] have analyzed
the post damage structure of Ag nanowires after their laser-induced melting, but did not report
the actual damage threshold. Since the composition of the nanosystem may play a major role
in limiting the damage threshold, we employ single-crystalline nanowires that were grown with
the directed electrochemical nanowire assembly (DENA) process [22]. The low repetition rate
of the laser used in our studies, with a spacing of 500 µs between individual pulses prevents the
heating process from accumulating over many laser shots. Model simulations carried out for the
interaction of a single laser pulse with a nanowire are in good agreement with the experimental
observations.
2. Experimental
2.1. Experimental Setup
Our experiments made use of the Kansas Light Source (KLS), a chirped pulse amplification
(CPA) [23] Ti:Sapphire laser system. This laser provided pulses of 32 ± 3 fs in duration
(FWHM of the intensity), with 1.8 mJ of energy and a central wavelength of 790 nm at a
repetition rate of 2 kHz. The pulses were attenuated to 100 ± 10 µJ before entering the ex-
perimental set-up shown in Figure 1. A half-wave plate and a polarizing beam cube were used
to attenuate the peak power of the pulses while keeping the focusing conditions constant. The
beam was focused onto the sample through ambient air, using a plano-convex 60 mm lens
(L3), to a diameter of 9 µm (1/e of the intensity spatial profile). A manual three-dimensional
translation stage was used to position the sample in the focus. The nanowires were sufficiently
long to ensure that the laser focus illuminated only the wire and not the adjacent electrode. A
halogen lamp was used as a microscope backlight for visualization and alignment. We used
lenses L1 and L2 as a condenser for the halogen lamp light as shown in Figure 1. The halogen
light was collimated by placing L2 at fL2 + fL3 (the respective focal lengths) in front of L3,
allowing for illumination of the entire sample. Both the halogen and the laser radiation were
imaged using a 20× microscope objective (O) attached to a camera. In order to find the optical
damage threshold, the samples were initially exposed to laser intensities significantly below the
damage regime. To ensure that no optical damage was sustained, the sample was exposed to
approximately 20,000 laser pulses (10 seconds) before moving to the next intensity step. The
energy of the pulses was increased in 2.5 nJ steps until the first signs of damage were observed.
Using the KLS grating-pair-based compressor, we were able to compensate for the frequency
dispersion of all elements in the optical path. The presence of a transform limited (TL) pulse
in the interaction region was confirmed by measuring the pulse duration after the sample. The
pulse duration measurements were performed with all the optical elements in place using a
Frequency Resolved Optical Gating (FROG) device. In addition to the TL measurements, we
also performed experiments with 108 fs, positively chirped pulses. These pulses were created
by adjusting the grating distance in the amplifier compressor. The relation between the laser
polarization and the nanowire orientation was random.
2.2. Sample Preparation
The Au nanowires were fabricated by a technique called directed electrochemical nanowire
assembly (DENA) [22, 24]. This technique, based on dendritic solidification [25, 26], permits
relatively straight-forward fabrication of metallic nanowires. The diameter of these wires is
tunable across the 20 nm to ∼ 1 µm range. The crystal structure of these wires is invariant
along their lengths; hence they are single-crystalline [22, 27]. We have employed two different
electrode types to prepare Au nanowire samples. The first set consists of nanowires fabricated
at the tip of movable tungsten electrodes [28]. The set-up consists of two electro-etched tung-
sten electrodes immersed in HAuCl4 solution. After mounting the tungsten electrodes on two
different 3D stages and positioning them ∼ 1µm above a microscope slide, a 20 µ l aliquot of
aqueous solution containing 20.0 mM HAuCl4 (Sigma Aldrich) was deposited across a ∼ 30
µm inter-electrode gap. A function generator (Hewlett Packard, 8116A) was used to apply a
square wave voltage signal of ± 4.0 V, 20.0 MHz to the tungsten electrodes to induce growth of
the Au nanowire from the biased electrode towards the grounded electrode. The voltage signal
was turned off once the Au nanowire reached the desired length. The wire was removed from
the growth solution by translation of the microscope stage and allowed to dry. The second set
Fig. 1. Experimental setup for measuring the optical damage threshold of single-crystalline
gold nanowires. λ /2, half-wave plate; PBC, polarizing beam cube; L1, 100 mm biconvex
lens; L2, 100 mm biconvex lens; BS 50/50 beam splitter; L3, 60 mm plano-convex lens;
S, sample mounting point; O, 20× long working distance objective; I, image of typical
sample.
consisted of Au nanowires that were grown at the tips of electrodes that were fabricated on a
fused silica slide by evaporative deposition. Roughly, a ∼ 5µm layer of gold was deposited on
the glass slide using a vacuum evaporator (Varian VE10). After growing the Au nanowire from
the tip a of gold electrode by the method described above, it was twice cleaned by depositing
a ∼ 10 µ l aliquot of deionized water on the wire, then wicking away the excess solution with
a Kimwipe. Thus, the Au nanowires grown in this way lay in direct contact with the silica
substrate.
2.3. Sample characterization and imaging
Figure 2 shows four images of typical nanowires used in this experiment. Figure 2 (a) shows
a Scanning Electron Microscope (SEM) image taken before the sample was damaged. The
Au nanowire pictured is approximately 250 nm wide and 25 µm long, giving an aspect ratio
of 100. It was prepared using the DENA technique described above. Figure 2 (c) shows the
same nanowire, also prior to experimental damage, viewed using the experimental setup shown
in Figure 1. The objective used was a 20× long-working-distance microscope objective. A
CMOS camera sensor with 2.2 µm sized pixels collected the image. Figure 2 (d) shows the
same nanowire after 5 seconds of exposure to a pulsed laser intensity of 8.8×1012 W/cm2.
Figure 2 (b) displays an SEM image of a typical nanowire post experimental damage under
similar experimental conditions as the sample depicted in Figure 2 (d). In total, we used 63
samples, of which 18 were free-standing on W electrodes, generated using the DENA process
described above, and 45 were on fused silica, synthesized using the evaporated gold electrodes
also described above. All samples were exposed to either 32 fs or 108 fs intense laser pulses.
3. Experimental Results
Our main experimental results are shown in Figure 3. The figure shows the number of samples
that were damaged at a given peak laser intensity in a histogram representation. The damaging
a b
c d
1 µm10 µm
Fig. 2. Au nanowire grown free standing off of a tungsten electrode. (a) SEM image of a
25 µm long undamaged wire (b) SEM image of a post exposure damaged wire (c) Same
from (a) imaged in the experimental setup shown in Fig. 1. (d) Damage of nanowire from
(a) and (c) as seen in experimental setup.
intensity was calculated from the energy measured when damage occurred by I0 = 4E0piw20τ
√
ln(2)
pi
where I0 is the peak intensity, E0 is the pulse energy. w0 is the focus radius, and τ is the pulse
duration. The intensity bins used were 1 TW/cm2, 1.5 TW/cm2, 0.7 TW/cm2 and 1.5 TW/cm2
for Figure 3 (a),(b),(c) and (d), respectively. Figure 3 (a) and Figure 3 (b) show the distribution
of damaged wires when these are on a fused silica substrate for pulse durations of 108 fs and
32 fs, respectively. Figure 3 (c) and (d) show the distribution of damaged wires when these are
free-standing on a tungsten electrode for pulse durations of 108 fs and 32 fs, respectively. The
influence of pulse duration becomes evident by comparison of Figure 3 (a) and (b) or Figure 3
(c) and (d). The influence of the growth process and heat conduction between the wires and
the environment can be extracted from comparison of Figure 3 (a) and (c) for damage at 108
fs and Figure 3 (b) and (d) for damage at 32 fs. While the horizontal axis in Figure 3 is the
peak intensity of the laser, it is also useful to compare when damage occurs as a function
of pulse energy. Rearranging the above equation for pulse energy and inserting all constants
(w0 = 4.5µm) gives E0 = 3.7×10−24(m2s)I0 for 108 fs pules and E0 = 1.1×10−24(m2s)I0 for
32 fs pulses. This allows for the comparison of damage threshold in the energy picture.
Perhaps the most dramatic aspect to this measurement is the very high intensities in which the
nanowires are found to survive. With average damage thresholds ranging from a few TW/cm2
to above 10 TW/cm2 for the respective cases, it is clear that Au nanowires survive well into
the optical strong-field regime. In addition to this result, a clear distinction in optical damage
threshold between the 32 fs and 108 fs cases can be seen for both wires grown on tungsten
needles and on gold coated silica slides. The damage threshold for both cases was higher for
32 fs pulses than for 108 fs pulses. This corresponds to a factor of 2.4± 0.7 for free standing
nanowires and a factor of 2.7± 0.6 for the wires attached to fused silica substrates, where the
uncertainty is due to the spread in the measured damage threshold. In contrast to this peak
Fig. 3. Measured optical damage threshold distribution as a function of intensity for (a)
108 fs pulses and nanowires on fused silica slides, (b) 32 fs pulses and nanowires on fused
silica slides, (c) 108 fs pulses and free standing nanowires on tungsten electrodes, and (d)
32 fs pulses and free standing nanowires on tungsten electrodes.
intensity picture, analysis of same data using the energy per pulse at which damage occurs we
find only a small difference between all four cases. The average pulse energy at which the free
nanowires damaged was 80 nJ for 32 fs pulses and 112 nJ for 108 fs pulses. The wires attached
to fused silica exhibited average damage pulse energies of 132 nJ and 169 nJ for the 32 fs pulses
and 108 fs pulses, respectively.
We will first try to interpret these results from a simple thermodynamics point of view.
The first and simplest approximation is to consider the amount of energy needed to bring the
nanowire to the melting temperature from room temperature. We start with a textbook calcula-
tion of Q, the heat necessary to bring the gold wires to a melting point, Q = mc∆T , with m the
mass of the nanowire, c the specific heat of Au and ∆T the change in temperature. To calculate
the mass of the nanowire, we take into account the spot size of the laser focus w0 = 4.5µm and
d = 150 nm as the diameter of the nanowire (approximately the average diameter of our set of
nanwires) . With these assumptions the amount of energy to heat the part of the nanowire in the
laser focus up to it’s melting point is Q = 1.7 nJ
To compare this energy with the energy deposited into the wire, we take into account the per-
centage of each laser pulse that is incident on the wire by integrating over the overlap between
the nanowire and the laser focus. We find that it takes a pulse of 62 nJ to bring the nanowire up
to melting point (∼ 2.7% of the optical energy is incident on the nanowire). Experimentally we
find that pulses with a total energy of ∼ 61.5 nJ start damaging the wire. Of this total energy, ∼
1.6 nJ is deposited on the wire. Thus, this very simplistic calculation agrees quite well with the
experimentally observed amount of energy needed to melt the wires. Such agreement indicates
that thermal exchange between the wires and the environment can be neglected and also that
individual pulses, and not a cumulative heat effect from pulse to pulse, are responsible for the
damage.
4. Numerical Simulations
A more sophisticated description of fs heating in coinage metal nanosystems breaks the ab-
sorption of optical energy and subsequent heating of the nanosystem into a 3-step process
[18, 19, 29]. The first step, (1) electronic absorption, occurs when the pulse energy is absorbed
by the free electron gas in the nanowire. This occurs while the envelope of the field is present
and results in a state where the electronic temperature has been dramatically increased while the
temperature of the lattice has remained unchanged [19]. The second step, (2) electron-phonon
thermalization, is the cooling of this electron gas by interaction with the lattice phonons. The
characteristic time scale for this process ranges from a few picoseconds to a few hundreds of
picoseconds depending on the system [19]. The third step, (3) external heat diffusion, is the
non-equilibrium thermal exchange between the nanosystem and the environment in which they
are embedded. In general, the third step is dependent on the geometry of the nanostructure
and the environment but is often several orders of magnitude or more slower than the electron-
phonon thermalization step. This last step is highly dependent on the type of environment the
samples are embedded in.
All three of these steps are modeled by the following set of coupled differential equations
[17, 30, 31, 32].
Cl
(∂Tl
∂ t
)
= Clκl∇2(Tl)+G(Te −Tl)− Sla(r, t) (1)
Ce(Te)
(∂Te
∂ t
)
= Ceκe∇2(Te)−G(Te −Tl)+ S(r, t), (2)
where Tl = Tl(r, t) is the lattice temperature profile, Te = Te(r, t) is the electron temperature
profile, Cl and Ce are the respective lattice and electron heat capacities, κl and κe are the re-
spective thermal diffusivities, G is the electron-phonon coupling constant, Sla(r, t) is the heat
loss from the lattice to the surrounding air and S(r, t) is the absorbed power density from the
laser pulse.
These equations, in their full form, are somewhat challenging to solve exactly. Using physical
insight to make several approximations, we can break these equations up into a decoupled
set of more manageable equations. First, our samples are always in air, and because the heat
conductivity of gold is much larger than that of air or fused silica, a very small percentage of the
heat will dissipate from the gold lattice to the surrounding air. Therefore, we will assume that
there are no losses from the wires to the environment or Sla = 0 . The second approximation
is that the thermal dissipation of the heated lattice will occur on a timescale that is several
orders of magnitude slower than the electron heating or electron-phonon thermalization. In
this approximation all heating of the lattice has already occurred before any significant heat
diffusion occurs. This effectively lets us decouple the spatial term, κl∇2(Tl(r, t)), in Eq. 1 from
the electron temperature by using the heat introduced from the electron-phonon interaction,
G(Te −Tl), as the initial boundary condition, Tl(r,0), for the diffusion equation, Eq. 3. Also,
because of the very large difference between the length and thickness of the nanowires, we need
only solve the spatial equations in one direction. Under these assumptions the heat dissipation
of only the lattice in one dimension becomes
∂Tl(x, t)
∂ t = κl∇
2(Tl(x, t)), (3)
where x is defined to run along the length of the nanowire, the other parameters remain the same
as in Eq. 1 and κl = 127×10−6 m2/s [33]. To find the spatiotemporal temperature evolution of
the lattice Tl(x, t) in our nanowires, we performed a one-dimensional finite difference numerical
simulation of Eq. 3 for the geometry under question.
The initial electronic excitation and subsequent thermal response occurs in a very localized
region of the nanowire, defined by the size of the laser focus. To model this we assume an initial
spatial gaussian temperature profile (Tl(x,0)) in the nanowire with Tmax = 1300 degrees K (just
below the melting temperature of Au) and a full width at half maximum (FWHM) equal to the
laser focus. While this profile may not perfectly reflect the true initial temperature profile in
a nanowire after interaction with a fs laser pulse, the important information in this simulation
comes from analyzing the ensuing evolution of the temperature profile. The nanowires used in
this experiment had strong thermal coupling to the bulk at the junction of the nanowire and
electrode. To take this into account, we perform this simulation on a numerical grid that is
approximately 10 times the size of the nanowire and place the initial temperature peak near
the end of this sample grid. Figure 4 (a) shows a surface plot depicting the transformation in
the nanowire after being heated by a laser pulse. The dashed line indicates where the nanowire
would end and the electrode would begin (nanowire junction). Figure 4 (b) shows line outs from
this simulation at several key points of the nanowire (laser focus, nanowire tip and nanowire
junction). Analysis of this simulation shows that the temperature in the center of the focal point
decays to approximately 20 % of the peak temperature within 5 µs. 50 µs after the pulse the
entire nanowire has cooled to less than 100 degrees above room temperature, and when the next
laser pulse comes, 500 µs later, the wire is only 20 degrees above room temperature (2 % of
the maximum simulated temperature). This result shows just how slow the heat dissipation is
and justifies separating this behavior from the general model given in Eq. 1. In addition this
simulation shows that it is a reasonable assumption that there are negligible residual thermal
effects in the nanowire for each subsequent pulse.
The heating of the electrons by the laser pulse and electron-phonon thermalization happens
much faster than heat diffusion. At these timescales very little heat diffuses out from the heating
area and thus κl∇2(Tl(r, t))≈ 0. After removing this spatial contribution to the lattice tempera-
ture, Tl , Eqs. 1 and 2 can be expressed as
Cl
(∂Tl
∂ t
)
= G(Te −Tl) (4)
Ce(Te)
(∂Te
∂ t
)
= κe∇2(Te)−G(Te −Tl)+ S(r, t), (5)
where the term S(z, t) is a source term given by [30],
S(t,z) = (1−R)α exp(−αz)I0(t) (6)
with R being the reflectivity of gold (0.974 at 800 nm [34]), α is the absorption coefficient
(8.038 ×105cm−1 at 800nm [34]) and z is defined to be in the direction of the laser propagation.
In order to completely decouple the temporal derivatives from the spatial ones, we model
the heating of the electron gas to occur in a fixed volume. This ”effective volume” is defined
by the focal spot size, the nanowire radius, and an effective heating depth zeff which removes
the dependence on z from the electron heat distribution Te(t) and the source term S(t). Physi-
cally, the adoption of an effective depth implies that we will calculate the electron temperature
distribution assuming that the wires heat uniformly up to a thickness zeff. In practice, zeff is a
fitting parameter to our source term and thus to our simulations.
This final approximation leaves us with our final set of equations to model the electron gas
heating and electron-phonon thermalization steps, widely used in the literature to explain the
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Fig. 4. Au nanowire cooling behavior from an initial Gaussian heat distribution with a peak
temperature of 1300 K and a FWHM of 9µm (a) Temperature cooling profile as a function
of both space and time in a 50 µm long Au nanowire attached to a conducting electrode.
(b) Temperature line-outs of different points along the nanowire showing their temperature
as a function of time after heating by a fs laser pulse.
heating of nanoparticles [17, 18, 19, 29, 31, 32].
Cl
(∂Tl
∂ t
)
= G(Te −Tl) (7)
Ce(Te)
(∂Te
∂ t
)
= −G(Te −Tl)+ S(t), (8)
and
S(t) = (1−R)α exp(−αzeff)I0(t), (9)
where Ce ≈ γTe,γ = 63 J m−3K−2 [18], Cl = 2.49× 106 J m−3K−1[35], and G = 2.5× 1016
W m−3K−1 [36]. Equations 8 and 9 represent a phenomenologically effective model that does
not completely model the true electron heating dynamics from an intense, ultrafast source.
Instead, this model assumes the formation of a hot electron gas with a mean value given by
Te(t). In our simulations, zeff is used as the single fitting parameter to match the simulated
damage threshold (defined as the lowest intensity required to raise the nanowire to the melting
temperature of gold) to the data shown in Figure 3.
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Fig. 5. (a) Temporal profile of both lattice temperature (dashed lines) and mean electron
energy (solid lines) after interaction with 7.5 TW/cm2, 2.5 TW/cm2, 0.75 TW/cm2 and
0.25 TW/cm2 32 fs laser pulse. Fast timescale electron energies (solid lines) are shown
for (b) 32 fs pulses and (c) 108 fs pulses, along with the respective laser intensity temporal
profiles (dot-dash lines).
By solving these equations numerically using a variable step fourth-and fifth-order Runga-
Kutta method [37], we found both the electronic and lattice temperatures as a function of time
after being illuminated with a femtosecond laser pulse. The results of these simulations are
shown in Figure 5. Our simulations show that a factor of 3.3 increase in intensity is required
for 32 fs over 108 fs pulses to heat the wire to the melting point. This is comparable to the
factors of 2.4 and 2.7 found experimentally for the tungsten needle and evaporated gold sub-
strate samples, respectively. Figure 5 (a) shows the lattice and electron temperature over a long
timescale for four separate peak laser intensities, 7.5 TW/cm2, 2.5 TW/cm2, 0.75 TW/cm2, and
0.25 TW/cm2. Looking at both the electron and lattice temperatures as a function of time shows
two very distinct time scales, thus confirming the above two-step model. The figure also shows
that the cooling time is dependent on the peak laser intensity and that only a small fraction
of the electron initial temperature is transferred to the lattice. Figure 5 (b) and (c) show the
electron temperature (given in units of mean electron energy) for a 32 fs pulse in (b) and 108
fs in (c). These plots show that the heating happens on a time scale defined by the laser pulse
duration, since the peak electron temperature is reached very shortly after the peak of the laser
pulse. This observation is in agreement with attosecond resolved electron dynamics in solids
[38, 39] and in the electron tunneling in atoms, [40] where the electrons released through the
tunneling process almost instantaneously follow the laser field.
Comparing the different electron temperatures for the 32 fs and 108 fs in Fig. 5 (b) and (c)
and the experimental results in Fig. 3, it is clear that longer pulses induce greater heating into
the system resulting in a lower damage threshold. This result is in agreement with strong-field
ionization of atoms and molecules where the ionization saturation peak intensity is depen-
dent on the laser pulse duration [41]. Qualitatively, this comes from the fact that the longer
a pulse, the more likely an electron is to absorb photons and be excited into the conduction
band. Therefore, a straight forward manner to use high intensities for laser-matter interaction is
to reduce the pulse duration. Few-cycle pulses with bandwidth ranging from the ultraviolet to
the mid-infrared are a present reality [42, 43, 44]. For this reason, we also performed calcula-
tions, using Eq. 8, for Tl and Te using a 5 fs pulse. For such short pulses we find that damage
occurs at peak intensities exceeding 50 TW/cm2! It is however, anticipated that the adiabatic,
phenomenological model used to arrive to Eqs. 1 and Eq. 2 cannot accurately describe the dy-
namics for such pulses. At peak intensities higher than 1013 W/cm2 the fields are so strong that
the material properties become field-dependent [16]. The accurate modeling of the interaction
of laser pulses with such high intensity furthermore requires a microscopic description of the
laser-driven dynamics [45].
5. Conclusions
We have presented measurements and simulations on optically-induced damage in Au
nanowires with intense, femtosecond laser pulses. Our experimental measurements indicate
that the damage threshold in single-crystaline nanowires, attached to silica, can reach values
close to 10 TW/cm2 for 32 fs pulses and approximately 5 TW/cm2 for 108 fs. The dependence
of the damage threshold peak intensity on pulse duration is similar to that observed in strong
field ionization of atoms and molecules, where ionization saturation intensity depends on pulse
duration. This is further confirmed by the fact that the pulse energy at which the damage occurs
is similar for both pulse durations. Using coupled electron-lattice heat dissipation, we find that
the peak temperature of the electron gas is reached shortly after the peak of the pulse and that
this delay depends on the pulse duration. By extrapolating our calculations to 5 fs pulses, we
speculate that, peak intensities of 50 TW/cm2 may be attained before melting occurs. Our
findings provide critical information for all future studies of nanowires using ultrafast lasers.
The fact that these systems survive well into the strong field regime shows that ultrashort light
pulses permit studies in the non-linear regime, with many new opportunities for applications
towards ultrafast light-driven nanoelectronics.
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